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Abu Tartur areaAbstract The objective of this study is to assess the organic material for petroleum potential and
characterize the relationships between organic material, thermal maturity, and the depositional
environments. This is done using ‘‘14” samples from the shales of the Dakhla and Duwi formations
in Abu Tartur area. The samples have been analyzed using the geochemical method of Rock–Eval
pyrolysis. The analysis shows that the total organic carbon content lies between 0.56 and 1.96 wt%.
It also shows that kerogen is a mixture of type II and III that is dominant, and is deposited in the
shallow and restricted marine environment under prevailing reducing conditions. This type of kero-
gen is prone to oil and oil/gas production. The geochemical diagrams show that all the studied sam-
ples have good thermal maturation. The Dakhla and Duwi formations which have been divided
into all zones are mature (have Tmax over 435 C), and have organic carbon content located at
the oil window (Tmax between 435 and 443 C).
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research
Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
The petroleum geochemistry is used as the fundamental science
for understanding the properties of source rocks, productive
and nonproductive zones, oil migration (all of which result
in more efficient exploration), development of oil fields and
sustainable production [1]. The term source rock refers to anorganic-rich fine-grained sedimentary rock which can produce
hydrocarbons due to thermal maturation [1]. Source rock is
one of the main elements of a hydrocarbon system. Therefore,
to identify a region of hydrocarbon generation, it is necessary
to investigate the source rock and its characteristics first. Ther-
mal maturity is the primary factor that determines whether a
source rock can produce oil, gas, or condensate [2]. In order
to evaluate the source rocks various laboratory methods
and/or burial history are used. Among these techniques,
Rock–Eval pyrolysis has been widely used in the industry as
a standard method in petroleum exploration [3]. From labora-
tory methods, the Rock–Eval pyrolysis method has been
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imentary basins [4]. This method is used in determining the
thermal maturation of kerogen. Peters [5] defined the thermal
parameters based on which maximum temperature (Tmax) can
be used to determine the dimensions of the oil window.
According to that definition, the Tmax value for the beginning
of the oil window is usually 445–435 C, for the peak is 450–
445 C, and for the end is 470–450 C [6].
Although organic matter undergoes many types of evolu-
tion and thermal maturation, it is important in assessing hydro-
carbon generation. The major characteristics that need to be
studied are geochemical properties of organic material, thermal
maturation, and the abundance of hydrocarbon. The maturity
of organic matter is, however, one of the most important
parameters in the evaluation of oil–gas [7]. The purpose of this
study is to establish reliable indices for an integrated assessment
of organic material for petroleum potential evaluation, in addi-
tion, to characterize the relationship between the organic mat-
ter, thermal maturity, and the depositional environments. This
is done on the shales of the Dakhla and Duwi formations in
Abu Tartur using advanced Rock–Eval pyrolysis techniques.
2. Geologic setting
Abu Tartur area covers about 1200 km2 between Kharga and
Dakhla Oases in the Western Desert of Egypt [8]. It is located
between latitudes 25100 and 25400N and longitudes 29250
and 30100E (Fig. 1). In the Western Desert, Abu TarturFigure 1 Location map of Abu Taphosphorite deposits are considered as the largest and thickest
deposits in Egypt. The geology of Abu Tartur area has been
described by many authors [9–14].
The Duwi and Dakhla formations persistently extend along
the southern escarpments which bounded the Western Desert
southern escarpments which bounded the Western Desert pla-
teau from Dakhla to Kharga Oases (including Abu Tartur Pla-
teau) and further to the western reaches of Sinn El-Kaddab
escarpment bordering the Nile Valley south Aswan. This dis-
trict lies between latitudes 24–26 and longitudes 29–31 form-
ing a major black shale belt. The Duwi formation at Abu
Tartur Plateau contains organic matter ranging from 1.19 to
14.53 of marine origin as well as of non marine
(2.32–18.27%) [10]. An estimation of the total volume of all
potential organic rich Cretaceous shale amounts to 4.5 billion
bbl of oil in place concerning the area Safaga–Qusseir. In the
area of Abu Tartur 1.2 billion bbl of oil in place was calculated
by Troger [15]. The obtained results favor that the black shale
widely distributed in Egypt represents a promising target for
detailed evaluation studies as a high potential resource for
energy.
The shales in the study area are still poorly studied from the
organic geochemical point of view. Many investigators had
studied the equivalent rock units in the Red Sea area and Nile
Valley [16–19]. The Duwi formation (Early Maastrichtian)
consists mainly of fine-grained glauconitic shale intercalated
with calcareous phosphate deposited in shallow and restricted
marine environment under prevailing reducing conditions. Thertur area, Western Desert Egypt.
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namely, the Duwi formation of Early Maastrichtian at the
base overlain by the Dakhla formation of Campanian–Maas-
trichtian age (Fig. 2). Both formations persistently extend
along the southern escarpments which bounded the Western
Desert to Kharga oasis and to south Kharga and further to
the western reaches of Kom-Ombo, traced along the Nile val-
ley in wadi Qena and the Galala plateau, along the Red Sea
Coast between Qusseir and Safaga and in some occurrences
in Sinai. Both formations represent the marine transgression
phase from shallow marine for the lower part of the Duwi for-
mation with pronounced influx of terrestrial pollen and spores
to relatively open marine for the Dakhla shale [20].
3. Methods of study
In this study, the pyrolysis data from 14 shale samples were
obtained from the Dakhla and Duwi formations provided to
the authors by EGSMA. About 100 mg from each sample
was analyzed using a Rock–Eval/TOC 6. Total organic con-
tent (TOC) was determined. Thus, S1, S2, S3 and Tmax values
were obtained (Table 1). Parameter S1 is the amount of free
hydrocarbon (mg HC/grock) liberated at 300 C (without
cracking the kerogen). Peak S2 is the amount of hydrocarbon
released from cracking of kerogen (mg HC/grock) and heavy
hydrocarbons during temperature programed pyrolysis
(300–600 C) and represents the existing potential of a rock
to generate petroleum. Peters and Cassa [6] believed that S2
is more real because TOC includes ‘‘dead carbon” incapable
of generating petroleum. S3 represents the amount of CO2
from breaking carboxyl groups and other oxygen-containingFigure 2 Stratigraphic log and Geochemical diagrams of the Dakhlacompounds in kerogen, obtained at 300–390 C. TOC is deter-
mined by oxidizing the pyrolysis residue in a second oven
(600 C in air). The hydrogen index (HI) is the normalized
S2 value (S2/TOC), expressed in mg HC/gTOC. The oxygen
index (OI) is related to the amount of oxygen in kerogen and
is the normalized S3 value (S3/TOC), expressed in mg
CO2/gTOC. The production index (PI) shows the level of
thermal maturation. The Rock–Eval pyrolysis results of the
samples are shown in Fig. 2. In this figure geochemical
diagrams of the Dakhla and Duwi formations are drawn and
geochemical parameters are compared with each other.
4. Results and discussion
4.1. Organic richness
Table 1 illustrates the values of total organic carbon and
Rock–Eval pyrolysis for the shales of the Dakhla and Duwi
formations. The obtained data show that the total organic car-
bon values are between 0.48 and 1.93 wt% with an average of
about 1.11 wt% for the Dakhla formation. This TOC content
refers to the organic richness of the rocks of this formation
which ranges from fair to good. The organic richness of the
shales of the Duwi formation is mainly good according to
Peters [5]. The measured TOC content of the studied black
shale of this formation ranges from 1.78 to 1.96 wt% (average
1.42 wt%). It is more than that of the shales of the Dakhla for-
mation. This might be due to the structural regime of the stud-
ied area, which influenced the paleogeography of the region
[19]. These results have been confirmed by the results of
Rock–Eval pyrolysis (S1 and S2, Table 1), which refer toand Duwi formations at Abu Tartur area, Western Desert, Egypt.
Table 1 Rock–Eval pyrolysis of the Duwi and Dakhla formations in Abu Turtur area, Western Desert, Egypt.
Depth (ft) TOC (wt%) S1 (mg/g) S2 (mg/g) S3 (mg/g) Tmax (C) S1 + S2 PI S2/S3 HI (mg/g) OI (mg/g)
Dakhla formation
30 0.67 1.01 1.12 2.83 435 2.13 0.44 0.4 281 422
35 0.48 0.98 1.13 2.11 435 2.11 0.46 0.54 235 440
45 1.31 1.15 2.87 1.98 436 4.03 0.29 1.45 394 151
65 0.63 0.96 2.24 2.12 436 3.2 0.3 1.06 356 337
70 1.93 1.21 5.43 1.98 435 6.64 0.18 2.74 325 103
75 1.65 0.93 5.06 1.56 436 5.99 0.16 3.24 307 95
80 0.89 0.79 2.79 1.92 436 3.57 0.22 1.45 448 216
85 0.56 0.89 2.35 1.52 435 3.24 0.27 1.55 420 271
96 1.65 0.89 3.98 2.62 438 4.87 0.18 1.52 305 159
100 1.4 0.82 3.88 1.79 436 4.7 0.17 2.17 277 128
115 1.34 1.05 3.97 2.29 435 5.02 0.21 1.73 309 171
120 0.83 0.92 2.53 1.88 435 3.45 0.27 1.35 304 227
Duwi formation
140 1.78 1.19 5.12 1.96 441 6.31 0.19 2.61 337 110
145 1.96 1.21 5.51 2.86 443 6.72 0.18 1.92 353 145
Note: TOC: Total organic carbon in weight percent; S1: Free hydrocarbons percent in the rock (mg HC/g rock); S2: Residual petroleum
potential (mg HC/g rock); HI: Hydrogen index (mg HC/g TOC); OI: Oxygen index (mg CO2/g TOC). Tmax: The temperature at which the
maximum pyrolytic hydrocarbon (S2) liberated. PI: Production index = S1/S1 + S2. S1 + S2: Generation potential (GP). PI: Production
index = S1/S1 + S2. S2/S3: Hydrocarbons products type (QI).
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of ‘‘S1” and ‘‘S2” values (Fig. 2) confirms that the generating
potential of the source rocks of the Dakhla formation is rated
from fair to good.
In order to determine samples’ contamination to hydrocar-
bon material, the S1/TOC diagram was used (Fig. 3) [21]. Plot
of S1 versus TOC can be used to discriminate between non-
indigenous and indigenous hydrocarbons [21,22]. The
migrated oil in each formation can be detected with high S1
and low TOC. All studied shale samples have relatively high
S1 and high TOC values (Fig. 3) indicating the presence of
indigenous (expelled) oil [21]. It should be noted that
hydrocarbon-contamination of the shale samples does not
mean that oil migrated from the lower layers, but it means that
hydrocarbon has been produced in the source rocks prior to
the primary migration process.Figure 3 S1 versus TOC diagram to discriminate non-indige-
nous and indigenous hydrocarbons.The generation potential (S1 + S2) of the shales of the
Dakhla formation ranges from 2.11 to 6.64 mg HC/g rock
(Table 1) revealing the organic richness of this formation var-
ies from air to good [21]. The type of hydrocarbon products
(S2/S3) ranging from 0.40 to 1.73 (Table 1) indicate mainly
good for oil generation [23], except three samples that have
S2/S3 more than 2 (Table 1) indicating good for oil and gas
generation. While in Duwi formation the S1 + S2 are 6.31
and 6.7264 mg HC/g rock (Table 1) indicating good source
rocks. The type of hydrocarbon products (S2/S3) ranging from
1.92 to 2.61 (Table 1) indicate mainly good for oil and gas gen-
eration (Fig. 2 assesses these conclusions).
4.2. Kerogen types
Waples [24] used the hydrogen index values (HI) to differenti-
ate between the types of organic matter. A ‘‘HI” below about
150 mg/g indicates kerogen as a potential source for generating
gas (mainly type III kerogen), and between 150 and 300 mg/g
indicates kerogen contains more type III kerogen than type II
and is capable of generating mixed gas and oil but mainly gas.
Kerogen with HI above 300 mg/g contains type II macerals
and is considered to have a good source potential for generat-
ing oil and minor gas. Kerogen with HI above 600 mg/g con-
sists of type I/II kerogen, it has an excellent potential to
generate oil [24].
In the present study, the hydrogen index ‘‘HI” values of the
shales of the Dakhla formation range from 277 to 448 mg/g
and oxygen index ‘‘OI” range from 95 to 440 mg/g (Table 1).
The Duwi formation is represented by two shale samples that
have a hydrogen index ranging from 337 to 357 mg/g and oxy-
gen index values ranging from 110 to 145 mg/g (Table 1) indi-
cating that type III/II of kerogen generates mixed oil and gas
(Fig. 4). Based on pyrolysis data kerogen classification
diagrams that were constructed using the HI versus OI plot
(Fig. 4) as carried out by Van Krevelen [25], the results
Figure 4 Organic matter types of the studied samples from
Dakhla and Duwi formations based on cross plot of hydrogen
index versus oxygen index.
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the studied formations were deposited in shallow and restricted
marine environment under prevailing reducing conditions [6].
4.3. Thermal maturation
Thermal maturation of organic matter causes distinct changes
in the physical and chemical characteristics of the organic mat-
ter to form petroleum hydrocarbons [24]. In the present study
the maturity level of the studied organic matter disseminated
in the shales of the Duwi and Dakhla formations, has beenFigure 5 Tmax versus hydrogen index showing the maturity of
organic matters from Dakhla and Duwi formations.determined by studying the geochemical parameters of Tmax
from Rock–Eval pyrolysis and production index ‘‘PI” [5,26].
They reported that oil generation from source rocks began at
‘‘Tmax” 435 C to 465 C, and production index ‘‘PI” between
0.2 and 0.4. The organic matters are in immature stage when
‘‘Tmax” has a value less than 435 C, and ‘‘PI” less than 0.2
and the gas generation from source rocks began at ‘‘Tmax”
470 C, and production index ‘‘PI” more than 0.4.
In the present study, the shales of the Dakhla and Duwi
formations have ‘‘Tmax” values ranging from 435 to 443 C
and the production index ‘‘PI” of samples ranging from 0.18
to 0.46 (Table 1) indicating mature source rocks.
To assess the maturity and kerogen type, the obtained data
of the studied samples were plotted on a HI versus Tmax dia-
gram [26] (Fig. 5). The results indicated that the samples con-
tained type II/III kerogen dominantly. In the Dakhla and
Duwi sediments, hydrogen index ranges from 227 to
448 mg HC/gTOC, with an average around 332 mg
HC/gTOC, and Tmax ranges from 434 to 436 C, with anFigure 6 Tmax (C) versus PI diagram of the investigated
samples.
Figure 7 Cross plots of TOC versus Rock–Eval S2/S3 values of
the investigated samples.
428 M.M. El Nady, M.M. Hammadaverage of 448 C, which places these formations within the
marginally oil window [26] as it is considered as mature source
rock. Production index ‘‘PI” of these formations range from
0.16 to 0.46, with an average of 0.25. Tmax and production
indices show that the organic matter in the samples is mature
and confirms the results (Fig. 6).
The quality and type of the hydrocarbons produced from
source rocks can be identified by S2/S3 versus TOC diagram
[6]. Fig. 7 shows that the studied shale samples are located in
the fair to good generation area except two samples from the
Dakhla formation which have S2/S3 values of 0.40 and 0.54
(Table 1) are located in non zone of oil generation. These sam-
ples and interbedded carbonate siltstone, thickness of about
30–35 m, maximum 0.48 and 0.67 TOC and Tmax 445 C, are
located in the non zone of oil generation.
5. Conclusion
Based on TOC, S1, S2, S3 and Tmax values parameters
obtained from Rock–Eval pyrolysis of the shales of the Dakhla
and Duwi formations have the same type of organic matter.
The organic matter consists of mixed type II/III kerogen
formed under reducing marine environment and considered
as oil and oil/gas prone and bear the mature stage of catagen-
esis. Dakhla formation contains fair to good source potential
rocks. The variation in quantity and quality of organic matter
of Dakhla formation could be attributed to the lithologic vari-
ation of this formation, which is related to different sedimen-
tary marine environments. The organic matters of the shales
of the Dakhla formation are variable in maturity level from
initial stage to maturation stage of catagenesis. The shales of
this formation could be considered as oil and oil/gas prone
rocks.
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